A proteomic characterization of one premalignant (MCF10AT1) and two malignant (MCF10CA1a and MCF10 CA1d) human breast cancer cell lines has been performed using a combination of two-dimensional liquid separations and mass spectrometry. Chromatofocusing (CF) and NPS-RP-HPLC are combined with ESI-TOF-MS to resolve and detect intact proteins. Simultaneously, fractions are collected and digested for protein identification using MALDI-MS peptide mass fingerprinting. Following protein identification a small database was compiled for use in comparison between IDs and measured masses taking into account variables such as pI, hydrophobicity and potential modifications. Out of 239 mass bands detected between pH 4.6 and 6.0, 133 have been definitively associated with identified proteins and 67 show consistent up/down regulation in two malignant breast cancer cell lines relative to the precursor premalignant cell line. Of these, 8 are also altered in the premalignant MCF10AT1 cell line by treatment with estradiol. Differentially expressed proteins indicate significant changes to the cytoskeleton, cellular metabolism, and adaptation to environmental stressors in malignant cell lines.
Introduction
With breast cancer widely acknowledged as a major public health issue, scientists have long sought better, more detailed information about the changes at a cellular level that give rise to tumors. The genomic revolution has provided researchers with a number of tools for probing genetic information, from sequencing genes and locating mutations to mRNA expression profiling. While of great value for determining risk or categorizing tumors, these genetic and mRNA data provide only a partial picture of cell biology. The proteins encoded by these genes, in their fully expressed and modified forms, are the molecules responsible for the final malignant nature of cancer cells.
Differential expression can be a result of disease, drug treatment, or differences between the cells such as imprecise tissue sampling or differences between cell lines. In the interest of isolating these differences to disease state or potential therapeutic treatments, the MCF10 xenograft model of human breast cancer was developed (1). Cell lines from this model encompass the entire range of human breast cancer progression from normal tissue to malignant, metastatic tumors. This work will describe differences in acidic protein expression between three of those cell lines, MCF10AT1 (AT1), MCF10CA1a.cl1 (CA1a) and MCF10CA1d.cl1 (CA1d). AT1 cells form simple ductular structures in immune deficient mice that eventually give rise to tumors in about 25% of the xenografts (2) . Because progression is possible but not assured, AT1 represents a starting phenotype for progression. CA1a and CA1d are malignant lines derived from tumors originating from AT1 cells. CA1a and CA1d both represent aggressive late-stage phenotypes that lead to rapid tumor growth, morbidity, and metastases (3) .
Various top-down proteomics techniques allow researchers to take snapshots of cellular protein expression and study different cellular or disease states. The two-dimensional liquid separation methodology employed here (4) compliments more traditional techniques, such as 2-D-polyacrylamide gel electrophoresis (5, 6) , by providing similar information (protein molecular weight and pI) together with improved compatibility with mass spectrometry. Cells are lysed and soluble intact proteins fractionated using chromatofocusing, a high-performance column based pH separation technique (7) . Protein fractions are then separated by hydrophobicity using nonporous silica reverse phase high pressure liquid chromatography (NPS-RP-HPLC) in conjunction with electrospray ionization time-of-flight mass spectrometry (ESI-TOF-MS) and fraction collection for peptide mass fingerprinting (PMF) by matrix assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF-MS) (8) . The end result is an annotated map of protein expression that provides mass, pI and identity. From this map differential protein expression can be quantified for biomarker elucidation.
Previous studies involving these cell lines (9) employed the Bio-Rad Rotofor™ pI separation technique. Although useful for separating preparative quantities of proteins, this approach was susceptible to significant protein overlap and subsequent analyses were often complicated by the complex run buffer employed. In addition, recent advances in automated data analysis (10, 11) have allowed a more thorough analysis of several adjacent fractions. As such this work will be the first to compare a broad pI range for MCF10 cells comparing malignant phenotypes (CA1a and CA1d) against an early stage of progression (AT1).
Materials and methods
Cell culture and lysis. CA1a and CA1d cells were grown as monolayers on plastic in Dulbecco's modified Eagle's medium (DMEM)/F12 medium supplemented with 5% horseserum, 10 mM N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid (HEPES) (pH 7.2). Because the premalignant AT1 cells are not as growth factor independent as are the malignant cells, medium for AT1 growth was further supplemented with 10 μg/ml insulin, 20 ng/ml epidermal growth factor, and 0.5 μg/ml hydrocortisone. Adherent cells were harvested in log phase (~75-80% confluence). The growth medium was aspirated; the cells were gently washed with sterile phosphate buffered saline (pH 7.4), scraped with a rubber policeman, and stored at -80˚C until analysis.
Frozen cell pellets were thawed in 1 ml of lysis buffer containing 7.5 M urea, 2.5 M thiourea, 2% w/v ß-octylglucopyranoside, 2 mM phenylmethylsulphonylfluoride, 10% v/v glycerol (all from Sigma-Aldrich, St. Louis, MO, USA) and 10 mM Tris (2-carboxyethyl)phosphine hydrochloride (TCEP) (Pierce Biotechnology, Rockford, IL, USA). Cells were then vortexed for 2 min and lysed over 1 h at room temperature with occasional vortexing. The soluble protein fraction was separated from cell debris via centrifugation at 25,000 x g for 30 min. In order to facilitate buffer exchange and removal of ß-octyl-glucopyranoside, Tris and other potential interference, the supernatant was then diluted to 3 ml with the CF start buffer described below. The sample was then loaded into an Amersham Bioscience PD-10 column (Piscataway, NJ, USA), pre-equilibrated with the start buffer according to the manufacturer's instructions. Start buffer was then added to the column in seven 0.5 ml aliquots, the first aliquot was discarded, and the remaining effluent collected for quantitation. Combined eluent was quantified using a Bradford-type protein assay (Bio-Rad, Hercules, CA, USA) and a Shimadzu UV-1601 Spectrophotometer (Columbia, MD, USA). Bovine serum albumin standards (Sigma) were prepared from 0.17 mg/ml to 1.4 mg/ml in start buffer and analyzed in duplicate at 595 nm alongside the eluent according to the manufacturer's instructions. Eluent was stored at -80˚C unless immediately followed by first dimension (pI) separation.
Chromatofocusing. First dimension (pI) separations were carried out on a Beckman System Gold (Beckman-Coulter Fullerton, CA, USA) using a Beckman-Coulter PS-CF column equilibrated at room temperature with the start buffer containing 6 M urea and 25 mM bis-tris propane adjusted to pH 7.4 using saturated iminodiacetic acid (all Sigma). The separation was monitored by UV absorbance at 280 nm and pH using an inline flow cell (Lazar Systems, Los Angeles, CA). Using results from the protein assay between 4 and 5 mg of soluble protein were loaded on the column. Once the UV absorbance and pH data stabilized, elution buffer containing 6 M urea and 10% (v/v) Polybuffer 74 (Amersham) was introduced to the column at 0.2 ml/min, creating the pH gradient that drives the separation. Fractions were collected manually every 0.2 pH units until the lower pH limit (~4) was reached. Fractions were then frozen at -80˚C pending analysis and the column was washed sequentially with 1 M NaCl, deionized water, and isopropanol to remove any noneluted protein.
NPS-RP-HPLC and ESI-TOF-MS.
Non-porous-silica reverse phase HPLC (NPS-RP-HPLC) separations were carried out on a 33x4.6 mm Beckman-Coulter NPS-C18 column and Beckman Gold HPLC (Beckman-Coulter) connected to a Micromass/Waters LCT ESI-TOF-MS (Milford, MA). Prior to analysis, the pH of each fraction was verified using a minielectrode (Fisher) and 1 μg bovine insulin (Sigma, MW=5435) was added to the samples as an internal standard. LCT mass calibration was performed externally using a NaI/CsI standard, yielding a mass accuracy of ~200 ppm for intact proteins. Separations use a water/acetonitrile gradient at 0.5 ml/min with 0.1% trifluroacetic acid and 0.3% formic acid modifiers (Sigma) as well as the following gradient; prerun 5% B; 0 min, 15% B; 1 min, 25% B; 3 min, 31% B; 6 min, 41% B; 16 min, 47% B; 19 min, 67% B; 23 min, 100% B; 24 min, 100% B; 27 min, 5% B. Blank gradients were run between separations to reduce carryover. Effluent from the column was split with a Quick-Split flow splitter (Analytical Scientific Instruments, El Sobrante, CA) directing 0.3 ml/min to the UV detector for fraction collection and 0.2 ml/min to the LCT for intact mass determination. Individual peaks, absorbance maxima as identified by users at 280 nm, were isolated with a fraction collector (Beckman model SC100) controlled by in-house data acquisition software.
Analyses of ESI-TOF-MS data were carried out with Protein Trawler (BioAnalyte, Inc., South Portland, ME) in conjunction with Masslynx 4.0 (Waters). Trawler automates integration and deconvolution of LC-MS datasets providing retention time, mass and intensity data for intact proteins. Chromatograms were integrated in 45-sec time segments, and the mass range between 800 and 3200 Da was deconvoluted from 4 to 75 kDa with 2 Da resolution. Deconvoluted peak intensities were normalized against the insulin internal standard intensity for each chromatogram. Corrected mass lists were then converted into 2-D mass maps using ProteoVue and DeltaVue (Beckman-Coulter).
MALDI-TOF-MS/PMF.
Prior to digestion HPLC fractions were concentrated to ~80 μl using a SpeedVac (LabConCo, Kansas City, MO, USA), then neutralized with 20-60 μl 1 M NH 4 HCO 3 (depending on the original fraction volume). Collected fractions were digested overnight at 37˚C using 0.5 μg sequencing grade modified porcine trypsin (Promega, Madison, WI, USA). Following digestion, peptides were concentrated to ~20 μl using the SpeedVac. Peptides were then desalted using C18 ZipTip™ solid phase extraction micropipette tips (Millipore, Billerica, MA, USA). Peptides were extracted according to manufacturer's instructions and eluted into 7 μl of 60:40 MeCN:H 2 O with 0.1% trifluroacetic acid.
Desalted peptide (2 μl) was co-crystallized on a MALDI target along with 1 μl of an internal standard/matrix solution containing a 1:3 dilution of saturated α-cyanohydroxycinnamic acid, 0.1 μg of angiotensin (MW=1296 Da), 0.5 μg adrenocorticotropic hormone peptides 1-16 (MW=2093 Da), and 0.5 μg adrenocorticotropic hormone peptides 16-37 (MW=2465), all from Sigma. The target was allowed to air dry before introduction into the source region of a Micromass TofSpec2E MALDI-TOF-MS. Between 20 and 30 spectra were acquired and integrated for each sample. When possible a linear internal calibration was performed using the three peptide standards, if those peptides were suppressed a 'lock mass' spot can be employed to provide a pseudo-internal calibration. True internal calibration routinely yields mass accuracy of 20 ppm or better, with slightly lower mass accuracy for lockmass calibration.
Lists of peptide masses were generated using MassLynx 4.0 and submitted to Protein Prospector (12) for comparison against the SwissProt database (13). Searches were carried out with the following limits: mammals only, pI: 1-10, mass accuracy = 50 ppm, missed cleavages = 2, unmodified cystiene, possible modifications = phosphorylation, acetylation, and methonine oxidation. Results with MOWSE scores >1000 and percent coverage >20% were generally considered good matches for this technique. Given the degree of coelution observed in the second dimension separations unmatched peptides were searched for additional matches. Identities were then organized by molecular weight and their SwissProt database entries searched for potential isoforms and modifications. Because modifications, isoforms, and alternative splices were extremely common in eukaryotic systems, this step was essential for mass/ID correlation. Relying primarily on published isoforms, as well as post-translational modifications suggested by mass differences, the annotated list of theoretical molecular weights was used to create a final annotated virtual 2-D gel and list of differentially expressed proteins.
Results
Utilizing LC-MS data sets, mass maps ( Fig. 1) were created for AT1, CA1a, and CA1d. These maps were then normalized internally using insulin standards, and against one another based on total protein loading for a given CF run. Datasets were then compared against one another manually in 10 kDa increments looking for significant common features using DeltaVue. The resulting list of differentially expressed masses was then compared against a database of annotated MALDI-PMF results with respect to theoretical MW, potential posttranslational modifications, pI, and % B. In cases where a protein was not present in one of the cell lines, the lowest overall reportable value (100 counts) was used for purposes of comparison.
Proteins listed in Tables I and II are present in at least two cell lines and are correlated to a confident ID and mass. In several instances, isoforms and post-translational modifications were detected that could not have been identified without the mass resolution of ESI-TOF. Acetylations (+42 Da) appear to 
a Experimental molecular weights, theoretical molecular weights, fold differences relative to MCF10AT1, accession numbers, and protein name with detected post-translational modifications are indicated.
- ---------------------------------------------------------------------------------------------------- be quite common, more so than suggested by either the protein databases or MALDI-PMF results. One example of such an acetylation is shown in Fig. 2 for IL-22 . Although the MALDI-PMF spectrum for IL-22 (not shown) does not indicate an acetylated peptide, all other important criteria (mass, pI, and retention time) reinforce the ID. Similar examples were located 
a -----------------------------------------------------------------------------------------------------
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mitochondrial precursor -----------------------------------------------------------------------------------------------------
a Experimental molecular weights, theoretical molecular weights, fold differences relative to MCF10AT1, accession numbers, and protein name with detected post-translational modifications are indicated. for phosphorylated proteins as well. Detected mass shifts of +42 or +80 Da were included in theoretical masses even if the PTM was not explicitly listed in the database. Although hypothetical, these apparent post-translational modifications allowed mass correlations and quantitation that might not otherwise be observed. In the process of making comparisons between cell lines, efforts focused on discovering common features between the cell lines. A total of 239 common mass bands were detected of which 133 were confidently correlated to an identified protein. Of these observed proteins, 67 proteins and isoforms shown in Tables I and II changed with progression to malignancy in both CA1a and CA1d. These proteins are differentially expressed (>2-fold) in both malignant cell lines compared to the premaligant AT1.
-----------------------------------------------------------------------------------------------------
An initial attempt to understand the impact of the observed malignancy related changes was carried out by examining the subcellular locations of differentially expressed proteins. Based on SwissProt database entries the subcellular locations for identified proteins are shown in Fig. 3 . Cytosolic and nuclear proteins make up the majority of up-regulated proteins, whereas most down-regulated proteins are located in the nucleus and mitochondria. This strongly suggested significant alterations to the cell cycle as well as structure and metabolism.
Differentially expressed proteins were also classified according to their functions as given by SwissProt. Despite the large number of detected proteins, many of these changes represent discrete categories of alterations. The first and most obvious are a broad group of structural changes as seen by changes in expression of cytokeratins, tubulin, and proteins related to actin remodeling, such as LIMK-1 and tropomyosin. Malignant cells also show evidence of stress adaptations by up-regulating protein disulfide isomerase, peroxiredoxin, and several heat shock proteins. Finally, there appear to be significant alterations to metabolism, as seen by the downregulation of several ATP synthase (ATPase) subunits indicating a downturn in oxidative phosphorylation.
Cytokeratins are a ubiquitous class of cytoskeletal structural proteins found in epithelial cells (among many other types). As reported previously, changes in CK expression have been noted in the MCF10 model (9) . CK7 and CK8 were again detected as up-regulated, although it now appears CK17 is up-regulated as well. This is likely related to the analysis of multiple adjacent pI fractions in the present study which would minimize the impact of band broadening in the pI dimension. CK8 presence has been linked to aggressive phenotypes in both breast and non-small cell lung cancers. In breast cancer it is associated with positive node status, a strong indicator for metastasis and the corresponding poor prognosis (14) . Large scale clinical tissue screen has also associated these cytokeratins with abnormal phenotypes, further suggesting their utility as markers (15) .
Although (ß and γ) actin expression is only up-regulated in CA1a (data not shown), actin dynamics play a vital role in cell motility and rigidity. LIMK-1, up-regulated 21x and 2x in CA1a and CA1d respectively, participates in actin remodeling by phosphorylating and thereby deactivating cofilin, an actin depolymerizing protein. In MCF7 breast cancer cells, this resulted in a strong correlation to increased invasiveness, a key property for metastasis (16) . In addition to the in vitro invasiveness assays, Yoshioka et al (16) showed a link between LIMK-1 and number and size of osteolytic lesions produced by MDA-MB-231 tumor cells in nude mice. ß-tropomyosin (down-regulated 20x and 8x in CA1a and CA1d respectively) is also of interest in actin dynamics by promoting formation of actin 'stress fibers', which can serve to enhance cell rigidity. Taken together, all these changes strongly suggest the mechanisms by which atypical cells change shape and become more motile.
In order to surmount the various environmental and metabolic stressors tumors encounter, a number of specialized proteins aid in protein synthesis and preservation of cell function. GRP75 and GRP78, both members of the broader 70 kDa heat shock protein (HSP70) family, are molecular chaperones that assist with protein folding and transport, conferring resistance to environmental stressors and playing a role in regulation of cell growth (17) . Higher expression of HSP70s has been associated with various cancers, GRP78 in particular has been shown to be associated with resistance to chemotherapeutic agents and is up-regulated in ductal carcinoma in situ and invasive ductal carcinoma of the breast (18, 19) . Additionally, in hepatocarcinomas GRP78 has been associated with increased tumor grade, tumor size, and microvascular invasion (20) . Up-regulation of GRP75 increased malignancy of breast cancer cells (21) and antisense to GRP75 induces a senescence-like growth arrest in immortalized human cells (22) . Protein disulfide isomerase, also called GRP58 or ERp57, plays a role in protein folding by catalyzing the formation of disulfide bonds. It has been suggested that not only is protein disulfide isomerase up-regulated in various tumors, but it may play a role in the toxicity and specificity of the chemotherapeutic agent Mitomycin C (23) .
The second group of proteins involved in stress adaptations is peroxiredoxin 2 (Prx II) and Mn-superoxide dismutase. Each plays a role in scavenging reactive oxygen species, with Mn-superoxide dismutase reducing superoxides to peroxides, and peroxiredoxin further reducing peroxides to water and alcohols. Mn-superoxide dismutase has been well characterized in colorectal carcinoma by Janssen and co-workers, indicating that not only is it up-regulated, but also associated with an negative clinical outcome (24) . Peroxiredoxins have also been associated with proliferative and anti-apoptotic phenotypes, although the relationship has limited prognostic value (25) .
Metabolic changes, particularly those related to oxidative phosphorylation and glycolysis, are another significant and long-standing area of interest for cancer researchers. Named for its discoverer Otto Warburg, the so-called 'Warburg Effect' is a general observation that tumors show evidence of a significant increase in anaerobic glycolysis (26) . In the present work several chains of ATP synthase are seen to be down-regulated together with a corresponding increase in glycolytic enzymes including pyruvate kinase. This significant metabolic shift is believed to represent both an anti-apoptotic mechanism and an adaptation to the hypoxic environment present in most tumors (27) . Down-regulation of oxidative metabolism not only reduces the amount of pro-apoptotic superoxide present in cells, but also deprives the cells of excess ATP needed to initiate apoptosis. Taken in conjunction with the increase in pyruvate kinase described here and the up-regulation of fructose bisphosphase aldolase, α enolase, and phosphoglycerate kinase described previously (9) , both malignant cell lines have clearly adopted oncogenic glycolysis as a survival strategy (28) .
Discussion
A comparison of these data with a previous study of changes induced by estradiol exposure further supports many of these findings (29) . MCF10AT1 cells were incubated with estradiol prior to harvesting and analysis using the 2-D liquid separation methodology described here. This estrogen induced proteome is referred to as MCF10AT1e2. A number of proteins that are differentially expressed between the untreated proteome (MCF10AT1) and the proteome following treatment with estrogen (MCF10AT1e2) have characteristics consistent with the development of a malignant phenotype (29) . The degree of identification overlap between malignant related proteins and estrogen-induced proteins is displayed as the Venn diagrams in Fig. 4 . As one might anticipate the malignant lines have more features in common, yet 12 up-regulated and 5 down-regulated proteins were shared between estradiol exposed cells and one or both of the malignant cell lines as seen in Table III . Table III . Proteins altered in malignant lines and in premalignant cells treated with estrogen relative to untreated MCF10AT1. 
Several proteins described above as playing an important role in metabolism, structure, and stress adaptation in malignant cells also are induced by estrogen in the premalignant cells, further implicating these processes as highly relevant changes because estrogen treatment accelerates progression of premalignant AT1 xenografts in mice (30) . Of particular note in this subset of common proteins are: a) BNIP3, an apoptosisinducing protein that binds BCL2, that was found to be downregulated 35-fold by estradiol in AT1 cells (29) , was decreased to a similar extent with progression (Table II) ; b) LIM domain kinase-1 that is induced by estrogen in AT1 (29) and upregulated in both malignant lines may render cells resistant to apoptosis in addition to altering motility (31) . Other proteins altered uniformly in malignant cells and estrogen treated premalignant cells are ATPase α chain (down-regulated) and GRP75, GRP78, CK8, and LIMK-1 (up-regulated). Bioenergetic changes have been observed in cells exposed to estrogen and there are numerous reports of estrogen-induced increases of reactive oxygen species in cells (reviewed in refs. 32, 33) . Induction of reactive oxygen species has been linked to changes in actin turnover together with an overall increase in invasiveness. These data support many of stress, actin remodeling, and metabolic changes described above.
MCF10AT cells express estrogen receptor (ER) (34) and estrogen accelerates progression of the premalignant xenograft lesions (30) . Many human breast cancers are ER-negative and estrogen independent, but the early stages of disease in those individuals may have been estrogen responsive. We hypothesize that estrogen independent carcinomas (represented by the MCF10CA lines in the model) may constitutively express proteins that are altered by estrogen in earlier premalignant stages (such as MCF10AT1). The purpose of this study was to identify genes expressed constitutively in malignant MCF10CA variants that are also induced by estrogen in premalignant MCF10AT1 cells.
Although cancer progression is a well-studied process from a histological perspective, modern analytical techniques are finally able to shed light on specific proteins that are at least partly responsible for malignant phenotypes. CF and automated ESI-TOF data analysis allowed a study of an extended region of the acidic pH range in malignant and premalignant cells of the MCF10 human breast disease model. Not only was this study able to take advantage of the higher resolution and cleaner samples afforded by CF, but analysis of multiple adjacent fractions allowed more thorough quantitation. This in-turn improved confidence in quantitation, ensuring fraction overlap would not negatively impact results.
Proteins altered in a single CA1a line may be important for the malignant phenotype of that cell line. Galectin 1 (LGALS1), which is induced by estrogen and is up-regulated in MCF10CA1d but not in MCF10CA1a, mediates ras membrane anchorage and cell transformation and enhances ras signal transduction response to EGF (35) .
LGALS1 is also increased in human breast epithelial cells by overexpression of erbB2 (36) . However, proteins altered in both malignant lines should be more fundamental to acquiring a malignant phenotype.
The combination of high performance separations together with mass spectrometry revealed 67 differentially expressed proteins in both MCF10Ca lines (16 down-regulated and 51 up-regulated) compared to the premalignant MCF10AT1 cells.
Of these, expression of 8 proteins was altered in the premalignant cells by estrogen (2 down-regulated and 6 upregulated). Of the eight proteins, one modulates the ras pathway. Mortalin (GRP75) may decrease ras levels and lower activity of downstream MAP kinase Erk2 (37) . Many of the identified proteins are implicated in apoptotic signaling. A protein that is 35-fold lower after estrogen treatment and lower in both malignant lines is the hypoxia-regulated pro-apoptotic BCL2 interacting protein BNIP3 (38) . Since BNIP3 induction of hypoxic cell death is inhibited by growth factors EGF and IGF (38) , decreased BNIP3 expression may be an important factor in loss of growth factor dependence. LIM domain kinase-1 (LIMK-1) protein may inhibit caspase activation (31), GRP78 is overexpressed in malignant but not benign human breast and provides protection from apoptotic signals (18) , and thioredoxin has been found to increase growth, increase sensitivity to growth factors and hormones, and inhibit apoptosis (39) . Thioredoxin-like protein p19 displays thioredoxin activities and is a secretory protein (40) suggesting a possible autocrine or paracrine activity. TNFR10B, also known as TRAIL-R2 or DRK5, is up-regulated in CA1 lines and induced by estrogen. Although increased death receptor expression might be expected to render cells more susceptible to TRAIL induced apoptosis, TRAIL-R2 overexpression has been found to be associated with aggressive cancer and poor patient survival (41) . TRAIL-R2 is also regulated by estrogen in MCF-7 cells but message and protein levels were both reduced in MCF-7 (42) rather than induced as seen with MCF10AT cells. Of the eight proteins identified as being constitutively altered in premalignant MCF10CA1 cells and estrogen responsive in premalignant MCF10AT1 cells, 1 effects ras signaling and 5 have been implicated in survival by inhibiting apoptosis.
